Abstract-This paper presents the design of the three-way crossover network by using Bernstein polynomial. The Bernstein polynomial is applied to the Bernstein filter which has the best characteristics with more advantages. For example, it has a maximally flat magnitude, a linear-phase and a maximally flat delay with parameters of n , K and ε . For this reason, the three-way crossover network is designed by Bernstein filter. Moreover, the analog filter is converted into the digital filter by using the bilinear transformation. Both analog filter and digital filter have better performance for designing the three-way crossover network. In addition, the experimental results at the real time of the three-way crossover network can realize via FiO Board and RapidSTM32.
INTRODUCTION
The audio frequency is a rate of oscillation in the range of about 20 Hz to 20 kHz which is also used in the loudspeaker system. However, in practice, the single loudspeaker cannot respond the frequency requirements in the whole audio frequency. For this reason, the loudspeaker system has to solve the problem by using crossover network [1] [2] . The crossover networks have two types; the two-way crossover network and the three-way crossover network. The three-way crossover network is composed of the high pass filter, the band pass filter, and the low pass filter [3] [4] . The important condition of the crossover network must be required as follows; the summation of magnitude response is flat or constant, the phase is linear, and the group delay is flat [3] [4] [5] . In this paper, the Bernstein polynomial is applied to the Bernstein filter. As it is known that the Bernstein filter has flexible parameters to adjust its performance for the best results. For example, firstly, it has the maximally flat (MAXFLAT) magnitude in both the pass-band and the stopband. Secondly, the attenuation in the stop-band can be changed with parameters of ε. Thirdly, it has very linearphase and can be changed the slope of phase with parameters of K and ε. Next, the amount of phase and delay using K and ε can be varied. Finally, it has a maximally-flat delay which is very important for designing of the filter [6] . Therefore, the proposed three-way crossover network selects the Bernstein filter for designing and realizing the efficiency of the crossover network.
The rest of the paper is organized as follows. In Section 2, we described the Bernstein filter. The design of the threeway crossover network using Bernstein polynomial and the simulation results are presented in Section 3. Then, Section 4 shows the experimental results of the proposed three-way crossover network. Finally, the conclusion is given in Section 5.
II. BERNSTEIN FILTER
The Bernstein filter which was designed from the Bernstein polynomial corresponding to the desired function (
is a function defined on the interval (0,1). The n th Bernstein polynomial is given by [6] [7] [8] can be defined as
where K is the number of successive discrete points at the zero values function. . On design of the Bernstein filter can be referred to [6] [8] . Fig. 1 shows the comparison of magnitude characteristics. It can be concluded that the transfer functions have MAXFLAT magnitude in the pass-band. In addition, the attenuation in the stop-band can be changed depending on ε. Hence, the Bernstein filter can be applied in control systems such as the compensating circuits. Fig. 2 shows the comparison of phase characteristics. It can be noted that the phase characteristics are very linear. Moreover, the Bernstein filter can change the phase slope depending on ε .
III. THE DESIGN OF THREE-WAY CROSSOVER NETWORK USING BERNSTEIN POLYNOMIAL

A. The Design of the Three-way Crossover Network
The Three-way crossover network is designed by using the Bernstein polynomial. Firstly, beginning with the all pass function by choosing 1 (9) where the magnitude responses of the three-way crossover network is shown in Fig. 3 . Fig. 3 shows the magnitude response of the three-way crossover network. As observed from Fig. 3 , the proposed crossover network displays a better performance indicates that the sum of magnitude responses is constant or flat. In addition, the phase response is zero. Moreover, the proposed crossover network can be changed the slope in the transition band and the cross frequency by depending on ε as shown in Fig. 4 . Fig. 4 shown the magnitude response of the three-way crossover network by using Bernstein polynomial with 7 . To sum up, the Bernstein filter has the best characteristics with more advantages among the Butterworth filter, the Chebyshev filter, and the Bessel-Thomson filter. Therefore in this paper, the Bernstein polynomial is used for proving the efficiency in designing the three-way crossover network.
B. Simulation Results
The development of a digital three-way crossover network is to convert an analog transfer function to a digital transfer function based on bilinear transformation [9] . The bilinear transformation is given by Fig . 8 shows the comparison between the input signal with a 2 Hz sine wave and the output signal of the all pass transfer function as illustrated in Fig. 8(a) and Fig.8(b) , respectively. As a consequence, the digital three-way crossover network by using Bernstein polynomial is a good method with the best magnitude and phase responses. It is also proved to be efficient in the digital audio signal.
IV. EXPERIMENTAL RESULTS
A real-time realization of the three-way crossover network is implemented via the FiO Board and RapidSTM32 Blockset. In this experiment, the input signal was generated by the sweep generator and the oscilloscope is used to display the output signal as shown in Fig. 9 . Fig. 10 shows the experimental result of the three-way crossover network. In the oscilloscope, the yellow line (the upper graph) displays the input signal and the blue line (the lower graph) displays the output signal. As the experimental result, the proposed three-way crossover network gives a good performance. Furthermore, the simulation and experimental results are in good agreement in all types of filters.
Nevertheless, since the page is limited, the comparison results of all pass filters are shown in Fig. 10 .
V. CONCLUSION
The design of the three-way crossover network by using Bernstein polynomial was presented in order to improve the performance of the audio signal in the loudspeaker system. The Bernstein filter is the best characteristics; the MAXFLAT magnitude, a linear phase and a constant delay. Additionally, these characteristics can be changed by depending on ε . The three-way crossover network can prove the necessary conditions of the analog crossover network. As the simulation results, the magnitude summation is flat or constant and the phase is zero. Moreover, the threeway crossover network is implemented via the FiO Board and RapidSTM32 Blockset. As the experimental results, the proposed three-way crossover network is also flat and an efficient implementation. Figure 9 The simulation of the three-way crossover network by using the MATLAB Simulink. Figure 10 . The experimental result of the three-way crossover network via FiO Broad and Rapid32STM Blockset.
